The chemical composition andfunction ofgastrointestinal mucus ponents which thus became available for detailed study. Gel chromatography separates constituents of a solution according to their molecular size. Sephadex is the best known gel used. It is a dextran of bacterial origin crosslinked by a 1,3-glyceryl ether bridge giving a three-dimensional network. It is supplied in minute beads. When placed in a chromatographic column they act as a sieve for molecules of different sizes. Larger molecules that cannot enter the gel move through the column faster and thus become separated from the smaller ones. The smaller the molecules the longer they linger behind in the interior of the beads. The same is true for another hydrophilic preparation, a cross-linked polycrylamide (Bio-gel). The macromolecules, which are completely excluded from the interior of the beads, form the non-retarded fraction. Bio-gel P150 used in this investigation excluded all macromolecules above the molecular weight of 150,000.
Aspirated acidic gastric secretions contain gelatinous lumps which can be packed down by centrifugation. Occasionally a mucus layer is found floating on the surface. The deposit and floating material together form the so-called 'visible' mucus as distinct from the 'soluble' mucus contained in the supernatant'. A comparative study of these two phases of mucus was attempted in order (1) to isolate the components of the 'soluble' and 'visible' mucus; (2) to determine the carbohydrate and amino-acid composition of the isolated fragments and their partial characterization; and (3) to evaluate the relationship between these phases.
Fifty individual gastric aspirations were investigated. Each aspirate was centrifuged and the supernatant and deposit were studied separately. Preliminary investigations had shown that the floating layer and deposit had the same carbohydrate composition and they were therefore pooled. Adequate quantities were taken from the supernatant and deposit to determine the carbohydrate, sulphate, N-acetylneuraminic acid, and blood group specificity. The remaining material was eluted on Bio-gel P150, and the carbohydrate composition of each eluted fraction estimated.
The supernatant, 'soluble' mucus, and the deposit, 'visible' mucus, were resolved into well separated fractions when eluted on Bio-gel P150. The supernatant showed three peaks, namely, the non-retarded peak eluted at the void volume containing 69-95% of the glucosamine and 70-100% of the galactosamine put on the column, the second peak of pepsin, and the third peak containing polypeptides. The remaining carbohydrate was unevenly divided between the second and third peaks. The chromatographic profile of the deposit was similar to that of the supernatant except that it showed no pepsin fraction.
The non-retarded fraction of both types of mucus contained the same sugars, namely, galactose, fucose, glucosamine, galactosamine, and N-acetyl neuraminic acid. They also contained sulphate. As the non-retarded fraction contained by far the largest portion of the carbohydrate content and almost all the amino sugars, it is proposed to confine this investigation to the eluted non-retarded fraction, to be referred to in this paper as the 'gastric glycoprotein '. Quantitative Relationship between the Carbohydrate Components of the Gastric Glycoprotein
The analytical data showed that the gastric glycoprotein has a basic structure common to all specimens investigated. It was found to be constant and showed the quantitative relationship: galactose: glucosamine: galactosamine as 4: 3: 1. The molar relationships were consistently molar ratios (Table I) . Superimposed on the basic structure were terminal sugar residues which divided the glycoproteins investigated into groups, each group with a distinctive sugar residue and characteristic blood group specificity. All glycoproteins with the same terminal sugar residues showed the same blood group specificity. The characteristic feature of the glycoproteins of group 1 was their lower fucose content. An increase of fucose found in the glycoproteins of group 2 was associated with blood group specificity H. The addition of galactosamine or galactose to the glycoproteins of groups 3 and 4 respectively endowed these substances with blood group specificity A or B. An increase of galactose and glucosamine in the glycoproteins of group 5 was associated with A and B specificity. These findings are in agreement with the results of Morgan and Lloyd and their collaborators 4, 3 in their study of the glycoproteins of pseudomucinous cysts.
The analytical data suggested that not all carbohydrate side chains of the glycoprotein terminated with the characteristic sugar determinant. The terminal galactosamine of group 3, the terminal galactose of group 4, and fucose of groups 1 and 2 showed restricted variations. This variation in the determining sugar residues was also found in glycoproteins of pseudomucinous cysts3. The division of gastric secretion with respect to blood group specificity corresponded to the division of the non-retarded fraction on the basis of the quantitative relationships between the carbohydrate components. It was thus possible to visualize and identify in chemical terms the blood group specificity of all the glycoproteins investigated.
Amino Acid Analysis
Amino acid analysis showed an unusual but characteristic composition. Threonine and serine constituted between 45 and 50% of the amino acid content. The ratio of threonine to serine was found to be approximately 2:1. Threonine, serine, proline, alanine, and glycine make up between 75 and 80 % of the total amino acid content, which ranged between 14 and 19 % of the glycoprotein (Table II) .
Quantitative relationships were also found between the hydroxy amino acids and galactosamine (Table II) . Threonine plus serine equalled galactosamine in all cases except in aspirations of group 2. The non-retarded fraction of group 2 (blood group specificity A, associated with an increase of galactosamine) and group 5 contained more galactosamine. The ratio of galactosamine to glucosamine varied in groups 3 and 5 between 3:1'.2 and 3:2 instead of 3:1 as in groups 1, 3, and 4. 
Distribution of Glycoprotein between the Supernatant and Deposit
The distribution of glycoprotein appears to be determined by the acidity of the secretion and the time interval between the aspiration, centrifugation, and separation of the supernatant from the deposit. The deposit of freshly aspirated gastric secretion of low acidity contained up to 80% of the total carbohydrate content. Gastric aspirations at neutral or near neutral pH are often found to be in a semi-gel form and no supernatant was obtained after centrifugation.
The results of this investigation demonstrate that the non-retarded fractions of the eluted supernatant and deposit of the centrifuged gastric secretions have the same carbohydrate and amino-acid composition and similar structural features. The analytical data on the carbohydrate and amino-acid composition and the quantitative relationship between galactosamine and the two hydroxy amino acids revealed no significant differences between the glycoproteins composing the two phases of gastric mucus, and also suggest that the glycoprotein composing the non-retarded fraction is the principal glycoprotein secreted by the gastric mucosa as it contained 70-100% of the galactosamine put on the column.
These results can be reconciled with the findings of other workers in this field which were obtained mainly by electrophoresis and ion exchange chromatography, methods which have been used almost exclusively in the investigation of the carbohydrate-containing fraction of gastric secretion. Previous studies, confirmed by this investigation, showed that the gastric glycoprotein is polydisperse with reference to sulphate and sialic acid". Variation in the number of these end groups amongst the macromolecules endow the gastric glycoprotein with varying degrees of electrophoretic mobility. It is suggested that the multiple bands found by electrophoresis and the multiple fractions eluted in ion exchange chromatography arise from variations in the two charged end groups attached to a common macromolecular component rather than from major differences in its backbone structure.
This study has shown that the carbohydrate and amino-acid composition provides distinct and distinguishing features which facilitate the identification of the gastric glycoprotein, namely, the quantitative relationships between the carbohydrate components; the presence of galactosamine and the absence of mannose; blood group specificity; a characteristic amino-acid composition; the quantitative relationships between galactosamine, threonine, and serine; and the high carbohydrate content of the glycoprotein (86-89 %).
The data on the distribution of the glycoprotein between the supernatant and the deposit shed light on the two phases of mucus. Gastric aspirations at neutral or near neutral pH were often found to be in a semi-gel form and no supernatant was obtained after centrifugation. The increase in the glycoprotein content of the supernatant and a corresponding fall in the 'visible' mucus appears to be related to the acidity of the secretion. The lower the pH, the higher the concentration of the glycoprotein in the supernatant. It was also shown that the glycoprotein becomes more soluble with time between aspiration and centrifugation. Simultaneously with an increase in the soluble glycoprotein there was noticed an increase in free sialic acid.
These findings suggest that the freshly secreted product of the mucus cell is in a gelatinous form. The secretions of the neighbouring mucus cells fuse and form a continuous layer, a protective covering for the mucosa, and the mucus cell may therefore be thought of as an organ producing a substance with a definite physiological function, namely, that of protecting and stabilizing the micro-environment of the mucosa.
In 1963 Bennett2 suggested the term 'glycocalyx' as a broad term which includes all polysaccharide-containing structures on the external surfaces of cells. Evidence is steadily accumulating for a carbohydrate-containing component on or near the periphery of all cells forming the outer barrier between the environment and the cell. This surface coat may play a decisive role in controlling the external environment of each cell, and the mucus cell may The accumulated data form a broad basis for a meaningful concept the composition and structure of its building unit, the gastric glycoprotein.
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J. Schrager This concept facilitatesacleafer definition of the problems tobe studied, which relate to the organization of mucus and the forces which maintain it. The physical properties of mucus depend not only on the actual building unit but even more on the overall molecular architecture of the complex. The organization of mucus can maintain itself by continual renewal, depending on the quantity and quality of the secreted mucus. The micro anatomy of the structure of mucus, the variation in the structure, and the physiological limits of these variations are fundamental questions which have to be answered before a better understanding of the function of mucus can be gained.
